The functional consequences of severe acquired brain injury can have considerable impact on the lives of patients and their families. The direct consequences of brain injury are often accompanied by secondary problems in the area of psychosocial functioning (1). The main rehabilitation goal for these persons is to function as independently as possible in their own home and in society (2). The complexity of psychosocial problems in the long term after severe brain injury requires a specialized comprehensive rehabilitation approach. Such approaches can be divided into neurobehavioural programmes, residential community reintegration programmes, and holistic day-treatment programmes (3). In a recent review, it was shown that these comprehensive rehabilitation programmes appear to be effective in patients with brain injury in the long term in terms of a reduction in psychosocial problems, a higher level of community integration and an increase in employment (4). The evidence is, however, still limited because the methodological quality of the studies is low. The authors concluded that sound evidence of the effectiveness of the different programmes should become available and that the cost-effectiveness should be determined since these programmes are intensive and therefore costly. Insight into costs is necessary, amongst others, to justify the allocation of scarce healthcare resources to these programmes.
Economic evaluation in neurorehabilitation is, however, scarce (5). The few economic evaluation studies examining the cost-effectiveness of rehabilitation programmes for patients with brain injury have provided some interesting preliminary results. For instance, a Step-up programme in which patients with brain injury resided in a transitional living setting during the last weeks of inpatient rehabilitation, appeared to be more cost-effective than the inpatient alternative (6). Wood et al. (7) assessed the clinical effectiveness and cost-effectiveness of post-acute community-based social and behavioural rehabilitation for individuals with severe neurobehavioural deficits. In this study, rehabilitation appeared to be cost-effective. Worthington et al. (8) carried out a clinical and cost-outcome evaluation of a neurobehavioural post-acute rehabilitation programme in the uK. Comprehensive and substantial improvements in the life of individuals with brain injury were found. The initial costs of the programme were offset by savings in the costs of support in the medium and longer term. A more recent study by Faul et al. (9) The objective of this study was, therefore, to examine the intervention costs of the brain Integration programme (bIp) and to compare the costs of patients with acquired brain injury from a societal perspective the year before and the year after a community reintegration programme in the Netherlands. For this specific programme, i.e. the BIP for patients with acquired brain injury and psychosocial problems hampering societal participation often accompanied by behavioural problems, the effects of treatment have been found to be promising (13), which makes examining the economic aspects an interesting next step.
METhodS

Brain Integration Programme
bIp is a residential programme that aims for optimal community reintegration. bIp is offered in a standardized way, consisting of 3 modules: the independent living module, the social-emotional module, and the work module. patients who are referred for treatment in the bIp are checked for suitability on the basis of a semi-structured interview in which the following inclusion criteria are used: brain injury (traumatic, stroke, tumour, hypoxia, encephalitis), and having problems in social areas, emotional disturbances and community integration (global Assessment of Functioning score < 65 (14)). patients are excluded from the programme if they are suitable for other (outpatient) cognitive rehabilitation programmes, if they show severe disruptive behaviour, if there is a complete lack of awareness, if they have very severe memory problems, or if they are addicted to drugs. Further details about the bIp are given in geurtsen et al. (13) .
Cost-analyses
The cost-analysis was performed according to the dutch manual for costing in healthcare, which is a methodological reference case for performing costing studies in the Netherlands (15, 16). The cost-analysis was performed from a societal perspective for the year before and after the bIp. This implies that all relevant costs related to brain injury were taken into account disregarding who is bearing the costs.
Brain Integration Programme intervention costs
The bIp costs include hospital days, nursing hours and treatment hours. overhead and other indirect costs induced by other departments supporting the brain injury department (such as human resources, information and communication technology (ICT), planning, outside expertise) are also included in the analysis. For the calculation of the intervention costs micro-costing is applied (17). Micro-costing means that each component of the resource use (e.g. hours of work, use of materials, etc.) is estimated and a unit cost derived for each. For this study, the integral costs of bIp were calculated; this means that we have calculated all the fixed and variable costs, including maintenance and overhead. The cost valuation of the bIp is based on the number of employees, the hours of work per week, the surface in square metres, and the number of days of hospitalization. Costs involving personnel and department-specific materials are calculated using a step-down method (17), this means that the overhead departments (administration, laundry, cleaning, etc.) are allocated in a stepwise fashion to all of the remaining overhead departments and to the final cost centres. on average, personnel time allocated to each intervention is netted out from time and multiplied using the costs per full-time equivalent; for all other costs the most applicable distribution formula was used, for instance, for maintenance, in square metres, and, for food, the cost per number of nursing days.
Costs related to brain injury
Cost identification and measurement. The cost-analysis involved a comparison of costs related to brain injury in the year preceding treatment in the bIp with costs in the year following treatment. The identification of cost categories was based on a literature search, detailed analysis of patient records and interviews with healthcare professionals of the brain injury department. The following cost categories were identified: care consumption (including medication and aids), caregiver support, and productivity losses. Intangible costs were not taken into account. Cost volumes were measured using a cost questionnaire. The cost questionnaire was developed on the basis of interviews with 5 patients, 3 healthcare professionals, and 1 economist. Two questionnaires were developed: 1 for patients and 1 for caregivers. The patient version consisted of 67 questions; the primary caregiver version of 77 questions, as the latter also relate to the cost of informal care. other informal caregivers answered a questionnaire of 19 questions. The questionnaires were divided into a general part, a part investigating the year preceding bIp and a part investigating the situation in the year following bIp. The questionnaires were sent to the home address of the patient. A reminder was sent after 10 days. In case of non-response a telephone interview was offered. possible bias due to the retrospective nature of the questionnaires was compensated by asking both patients and caregivers for information and by asking the treating psychologist to perform a random check of the responses of the patients. patients and caregivers consented to participate.
Cost valuation. Care consumption is valued using revised versions of the dutch Manual for Costing: Methods and Standard Costs for Economic Evaluations in health Care (15, 16) . This guideline produces standard unit costs for The Netherlands. According to this guideline, caregiver support is valued on the basis of the opportunity cost method. This means that the number of hours the caregiver spent on support of the relative with brain injury is valued by means of the income that could normally have been earned during working hours instead of taking care of the patient. The mean income in the Netherlands was €32,000 per year and the mean yearly working time was set at 1356 h (Statistics Netherlands for the year 2005 in which the data were collected (18). As a result, 1 h of caregiver support was valued with an mean salary of €24 per h. productivity losses were valued with the friction cost method (19). The basic idea of the friction cost method is that the amount of production lost due to disease depends on the time-span that organizations need to restore the initial production level. In the friction costs, the costs of production lost are equal to the period that is needed to fulfil the vacancy. The lost days are valued using mean day-wages. All production losses outside the friction period are not valued. during the study the friction period was 22 weeks, which is the time needed to fill a vacant position. Residential community reintegration in ABI: cost-analysis For the valuation of the hours' productivity losses before these 22 weeks, the mean salary was also used (i.e. €24 per h for 2005).
Sample patients with acquired brain injury who were treated in the bIp in 2005 were selected for analysis when the time of admission to the programme was shorter than 3 years and the time of discharge was at least 1 year preceding the start of the study. These dates were chosen to optimize response rates and reliability of the data, and resulted in a sample of 46 potential participants.
Sensitivity analysis
A sensitivity analysis was performed to check to what extent the valuing of costs was sensitive to change in certain parameters. This was done by examining the (un)certainty of assumptions and conclusions by varying the costs. This sensitivity analysis was done for: (i) valuation of healthcare resources; (ii) for the valuation of informal caring time; and (iii) for the valuation of productivity losses.
For the cost prices of the care resources we used CTg tariff instead of standardized cost prices. The CTg tariff is a national declaration tariff defined by the National Health Tariff Authority in the Netherlands (NZA; http://www.nza.nl). Furthermore, as there is some discussion about the valuation of informal caring time (20), this item was valued using a proxy-good method (20). The proxy-good method is a straightforward valuation method in which the time spent on informal caring is valued at the shadow price of the closest related market substitute. In our sensitivity analysis the shadow price of €26.30 per h for the year 2005 (16) was used, which is the cost of a professional carer for domestic help. In the literature there is some discussion as to whether productivity should be valued using the friction cost method or the human capital method (21). In the human capital method productivity losses are calculated for the entire period of illness, or from the time of premature death up to the mean retiring age (a mean of 65 years).
Statistical analyses
differences between the data before and after bIp were tested using paired t-tests or Wilcoxon signed-rank tests. differences were calculated only for complete pairs (i.e. patient and caregiver). For all statistical analyses alpha was set at 0.05.
RESulTS
Response
Forty-six cases could be identified on the basis of the criteria for participation. This means that, in total, 92 questionnaires were sent out: 46 patients and 46 caregivers. A total of 55 questionnaires were returned (60%); 33 cases (72% of the identified cases) could be included in the analyses, of which 7 were involving only the patient (n = 29) and 4 only the caregiver (n = 26), and in 22 cases both the questionnaires of the patient and the caregiver were included in the analysis. The characteristics of the patients and caregivers are shown in Table I . Most patients were men (62%), and most of these had had a traumatic brain injury (58.6%). The age at injury was low (mean 24.0 (13.0)). Most caregivers were parents of the patients (73.1%).
Cost-analysis
In our analyses we looked separately at the costs of the bIp; furthermore, we compared the societal costs the year before and the year after the bIp treatment.
BIP intervention costs
The costs of the bIp were based on direct costs, indirect (overhead) costs and costs for specific expertise (Table II) . The mean number of hospitalization days was 175. The number of treatment days was 125, because treatment was offered during weekdays. Nursing hours were also calculated only during weekdays. The mean number of treatment hours was 385. The total costs of the programme per patient were €68,400, of which €45,426 was spent on treatment.
Costs related to brain injury
healthcare costs were separated into visits to the general practitioner, consulting a specialist, outpatient services, and inpatient and outpatient care. An overview of these costs the year before and the year after the bIp is shown in Table III . The number of hours of outpatient services that the patients received per year increased significantly, whereas all other costs decreased (not significantly).
before the bIp 48.5% of the patients used medication. After the bIp this increased to 57.6%. The percentage of patients using memory aids was equal before and after the programme (6.1%) but the kind of aids differed: before the bI patients mostly used laptops and phones, whereas after bIp patients mostly used personal digital assistants, which were estimated to be more expensive at that moment. The use of mobility aids reduced slightly after the bIp, from 21.2% to 15.2%. home adaptations were more frequent after the bIp: 6.1% before the bIp compared with 8.4% after the bIp.
The total number of hours of informal care given before the programme was 1030, and after the programme 530; this was a significant reduction of 500 h (p < 0.05). The hours were spent on direct care, mobility support and financial, administrative and organizational tasks. before attending the bIp the patients worked a mean of 187 h per year (3.6 h per week), while after the programme this had increased to 312 hours (6 h per week). before the bIp 81.3% of the patients were not working, whereas after the bIp this percentage was reduced to 59.4%. From these results the productivity losses are calculated while taking into account a friction period of 22 weeks: the productivity losses reduced by €1363 per friction period.
The living situation of the patients changed significantly after attending the bIp (p < 0.05): after the programme 66.7% of the patients lived independently, with or without support services, whereas 33.3% did so before the programme. Table Iv gives an overview of the costs per patient in Euro the year before and the year after the bIp. As indicated in this table the healthcare costs increased after the programme, whereas the costs of informal care decreased significantly. In addition, the productivity losses (non-significantly) diminished after the programme. As a result the total mean costs per patient significantly reduced (p < 0.05). In the year before the bIp the total costs amounted to €48,849, while the costs in the year after the bIp were €39,773. In total there is a decrease in costs of €8676 comparing the two periods.
Sensitivity analyses
The sensitivity analysis showed that the results of our analysis were rather robust. using tariffs instead of standardized costprices for the healthcare costs led to a significant cost difference of €4945 instead of €4685. For informal caring time, the use of the proxy-good method resulted in a significant cost difference before and after the bIp of -€15,383 rather than -€12.000 in our original calculation. The use of the human capital method instead of the friction costs methods revealed a non-significant difference of -€2950 instead of -€1361 for productivity losses.
dISCuSSIoN
The costs analyses of the bIp showed that the intervention costs of the programme were €68,400 per patient. The analyses of the costs related to the brain injury showed that there was a reduction in costs after the bIp of €8676 per patient. The sensitivity analyses confirmed the robustness of these results. The reduction in costs may have continued after bIp, as the follow-up period of one year is probably too short to show all community reintegration effects, especially in terms of return to work. Assuming that the reduction in costs would remain in the next years, and that this reduction in costs could be assigned to the bIp, it can be opted that the sole costs of the programme can be earned back after 8 years. The patients in this study were 30 years had a mean age of when leaving the programme and have another 35 years to go to the age of 65 years (i.e. pensionable age in the Netherlands). Assuming a stable situation in the lives of the patients until the age of 65 years, this means that the profits of BIP stretch out over a period of 27 years, which would plea for the allocation of resources to bIp and, from an economic point of view, favours reimbursement of the costs of bIp by healthcare insurance companies.
Comparing these results with other findings is difficult because of the heterogeneity of the populations, forms of care and economic aspects that have been studied before. The study by Worthington et al. (8) also concerned the cost-analysis of residential rehabilitation programmes for brain injured individuals. They showed that the initial costs of rehabilitation were offset by savings in care costs within two years. This is a shorter period than we found, but the savings were restricted to care costs instead of societal costs. Worthington et al. (8) further found that the projected lifetime savings were higher for those who started rehabilitation within 12 months postinjury than for the medium and longer term admissions. Wood et al. (7) also found greater cost-effectiveness for those who started rehabilitation within two years. These findings suggest that earlier admission to bIp might also lead to greater cost reductions, bearing in mind that the time since injury was rather heterogeneous in our sample.
The cost-analysis we performed has some limitations. First, we studied a rather small group and we did not compare the costs of the patients attending the bIp with a control group of patients not attending the bIp. part of the cost reduction could have been caused by the natural course of functioning. We expect this effect, however, to be small, since the mean time since injury was more than 5 years. Secondly, data were gathered retrospectively. patients had to complete questionnaires about costs in the past that could be biased, especially in case of brain injury. This bias was reduced as much as possible by asking both patients and caregivers to complete the questionnaires, on the one hand, and by asking the psychologist to perform a random check of the questionnaires of the patients, on the other hand.
The costs of bIp seem rather high, and therefore it would be interesting to investigate in the future which elements of the comprehensive programme are the most effective. offering the most effective parts of bIp could reduce the costs of the programme in the future. In this study we looked only at the costs related to brain injury and the bIp and we did not investigate the effects. Therefore this study should be seen as a partial economic evaluation. The effectiveness of the bIp was examined in parallel in a prospective design and reported elsewhere (13, 22) . Some of the positive effects in terms of community reintegration can also be found in this study: the number of patients living independently, as well as the level of productivity, increased after attending the programme. We acknowledge the limitations of the present study, but the limited body of evidence on economic aspects of rehabilitation programmes needs to be elaborated further, and this study can be seen as a next step in this direction.
In conclusion, the reduction in societal costs after following the BIP justifies the allocation of resources. These costs should be investigated in the long term and related to the clinical effectiveness of the programme in future research.
